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Letter to the Editor  
 
Recently, Hosseini et al. [1] investigated from simulations the potential of CNT-water 
based nanofluids as coolants in an industrial shell and tube heat exchanger. This study is of 
interest as the main goal is to demonstrate efficiency of nanofluids in real industrial 
application. The simulations were performed considering thermophysical properties of CNT-
water-based nanofluids we reported earlier in [2,3], except for viscosity and this latter point 
requires clarifications.  
So, for viscosity, the authors considered the model so-called proposed by Wang et al. 
[4]. First, this model which relates the viscosity of nanofluid µnf to the viscosity of base fluid 
µnf and the nanoparticle volume fraction φ, presented in eq. (1) (the equation is referred to 
same equation number in [1]), was effectively proposed by Maiga et al. [5]. Then, this model 
was defined for Al2O3 nanoparticles which are spherical in form.  
 
)1233.71( 2φφµµ ++= bfnf   (1) 
 
Consequently, the model cannot be used with nanotubes due to nature and form of 
these nanoparticles. Also, following nanoparticle content, CNT nanofluids are shear-thinning 
so that viscosity depends on shear rate. This is evidenced in Figure 1, where this model is 
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plotted against nanotube volume fraction and compared with experimental data extracted from 
[2]. Figure 1 clearly shows that the model largely underpredicts the relative viscosity 
enhancement of nanofluids, in particular for volume fraction higher than 0.111% and 
whatever the shear rate considered. 
This choice is also questionable as viscosity data of CNT-water based nanofluids 
studied in [1] are also presented and available in [2], as reported in Figure 1. In addition, we 
considered in [2] that viscosity enhancement of nanofluids can be predicted by a simple 
empirical and linear model independently of shape and dispersion state of nanoparticles 
within the range of volume fraction, independently also of temperatures studied. This model 
is depicted by equation (2) where Cµ is defined as viscosity enhancement coefficient. The 
values of Cµ following the shear rate are also reported in [2]. This could be easily 
implemented in simulation software.  
 
)1( φµµ µCbfnf +≈  (2) 
A more comprehensive viscosity model, mainly valid for high shear rate, was also 
proposed in [6] taking into account a larger range of nanotube content. This model, depicted 
by equation (3), depends also on maximum volume fraction φm, which is itself related to 
nanotube aspect ratio [6]. It is important to mention that φ is replaced by an effective volume 
fraction of nanoparticles, denoted φa, with the presence of aggregates within the studied 
nanofluids, see Ref. [6]. This reference was also mentioned in [2]. Noting that this model was 
also applied successfully in [7] to predict viscosity enhancement of multi-walled carbon 
nanotubes aggregated in molten salt. 
Such last model could be more appropriate due to flow rate involved in the shell and 
tube heat exchanger but the deviation with Eq.(2) is very low within the range of nanoparticle 
content 0.0055-0.278%. 
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An insight of Figure 1 shows that relative deviation between Eq. (1) and experimental 
data can attain 79% for a shear of 1000s-1 and nanoparticle content of 0.278% as an example. 
As some results depend on viscosity value, the use of unappropriated data could potentially 
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modify some of the values presented in [1], such as Reynolds number, pressure drop and heat 
transfer coefficient in particular for nanoparticle content higher than 0.111%.  
We finally hope than in future, possible confusion about viscosity models for 
nanofluid containing nanotubes and nanospheres will be avoided, and that we will see many 
more demonstration of nanofluid efficiency in industrial plants.  
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Figure Caption 
Figure 1. Relative viscosity of CNT water-based nanofluids against shear rate and 
nanoparticle volume fraction – comparison between experimental data and equation (1).  
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Figure 1. Relative viscosity of CNT water-based nanofluids against shear rate and 
nanoparticle volume fraction – comparison between experimental data and equation (1).   
